Summary: A method is described for the selective precipitation of VLDL in blood serum using phosphotungstic acid/MgCl 2 . The method allows for the calculation of LDL apolipoprotein B äs well äs for the calculation of LDL cholesterol (following the additional determination of HDL cholesterol). Dependent on the triglyceride and the cholesterol content of the serum, three different procedures were developed using phosphotungstic acid and MgCla in different concentrations in the precipitation assay. Within the tested ränge of 3-10 mmol/1 total cholesterol and 1-4 mmol/1 triglyceride in blood serum the VLDL were nearly completely precipitated with negligible coprecipitation of LDL and HDL, but 40-50% coprecipitation of Lp(a). Eine ähnlich gute Übereinstimmung wurde auch für die korrespondierenden Apolipoprotein B-Werte gefunden (r = 0,96, y = 1,03 -0,2, n = 61). Der Variationskoeffizient der LDL-Cholesterinbestimmung hinsichtlich der Präzision in der Serie betrug 4,3% (n = 20) und hinsichtlich der Präzision von Tag zu Tag 4,8% (n = 25).
Eine ähnlich gute Übereinstimmung wurde auch für die korrespondierenden Apolipoprotein B-Werte gefunden (r = 0,96, y = 1,03 -0,2, n = 61). Der Variationskoeffizient der LDL-Cholesterinbestimmung hinsichtlich der Präzision in der Serie betrug 4,3% (n = 20) und hinsichtlich der Präzision von Tag zu Tag 4,8% (n = 25).
Introduction
About 70% of the total serum cholesterol found in blood serum is a component of the low density lipoproteins (LDL) which are considered to be atherogenic lipoproteins (1) . About 25% of the total serum cholesterol is a component of the high density lipoproteins (HDL) which are thought to be anti-atherogenic lipoproteins (2, 3, 4) . Whereas HDL cholesterol can be analysed relatively easily in the supernatant after precipitation of apolipoprotein B-containing lipoproteins in serum, the direct determination of LDL cholesterol is, at the moment, only possible through isolation of LDL cholesterol using ultracentrifugation, which js technically elaborate, time consuming and limited in capacity. Calculation of LDL cholesterol using the Friedewald formula (5) results in only approximate values and cannot be used for strong hypertriglyceridaemic sera, or for sera of patients affected by type III hyperlipoproteinaemia (6) .
Recently Sirowej et al. (7) described a method for the analysis of lipoproteins which is based on the sequential precipitation of lipoproteins using phosphotungstic acid/MgCl2 äs developed by Burstein et al. (8) . Using this procedure äs a base we developed a method for the determination of LDL cholesterol and LDL apolipoprotein B which involves the precipitation of VLDL from serum using phosphotungstic acid/MgC! 2 . The following is a report on the accuracy, linearity and precision of this method, and interference by other factors.
For the isolation of HDL (d 1.063 -1.21 kg/l), 5 ml serum were adjusted with solid KBr to a density of 1.063 kg/l, overlayered with a 1.063 kg/l KBr solution and centrifuged for 24 hours at 120000g. The bottom fraction (d 1.063 kg/l) was adjusted with solid KBr to a density of 1.21 kg/l, overlayered with a 1.21 kg/l KBr solution and centrifuged for 48 hours at 120000g. The top fraction (d 1.063 -1.21 kg/l) obtained by tube slicing was dialysed exhaustively against 0.15 mol/1 NaCl.
Preparation of radioactively labeled VLDL
We labeled VLDL with tri- [9, H]oleoyl glyceröl using Fieldings method (10) . A solution (100 ) of trU [9,10r 3 H]oleoyl glyceröl in dimethylsulphoxide (2.3 MBq/ml dimethylsulphoxide) was mixed with 400 ul 0.15 mol/1 NaCl and 300 of the d< 1.006 kg/l ultracentrifugation fraction (protein 1.2 g/l) and incubated for 3 h at 37 °C. Following exhaustive dialysis against 0.15 mol/1 NaCl, the VLDL radioactively labeled in the triglyceride moiety were re^isolated by ultracentrifugation -see aböve.
Preparation of radioactively labeled HDL
The preparation of [ 3 H]cholesteryl linoleate HDL was carried out äs described in detail elsewhere (11) . The preparation öf HDL selectively labeled in the apoprotein moiety was carried out by reductive methylation with [ 14 C]formaldehyde, äs described in detail elsewhere (12) .
Precipitation of VLDL with phosphotüngstic acid/MgClz
Serum (250 ) was mixed with 14.4 g/l phosphotüngstic acid solution and 2 mol/1 MgCh solution in an incubation tube (Sarstedt No. 52690). The reagent volurnes were varied,~depending on the triglyceride and cholesterol content of the samples (tab. 1). Both reagents can be stored for at least four months at a temperature of +4 °C. The mixture was incubated for 25 miiiutes in an ice bath at 0 °C, then centrifuged for 5 minutes in an Eppendorf centrifüge 3200. The VLDL free serum was separated from the floated supernatant with the aid of an injection needle.
Materials and Methods

Sample material
As test material we used fresh serum from the study programme: "Prospective epidemiological study in Company employees in Westfalia" (9) .
Methods
Preparative isolation of lipoproteins by ultracentrifugation
Ultracentrifugation was carried out in a 40.3 rotor (Beckman Instruments) at +4°C. For the isolation of the d < 1.006 kg/l and the d > 1.006 kg/l fractions, 5 ml serum were overlayered with a 0.15 mol/1 NaCl solution and centrifuged for 24 hours at 120000g. The infranatant obtained by "tube slicing" (2.0 cm from the top) (d > 1.006 kg/l fraction) was diluted to the original volume. The d < 1.006 kg/l supernatant was overlayered with an 0.15 mol/1 NaCl solution and again centrifuged for 24h at 120000 g. The resultant supernatant fraction (d <1.006 kg/l) was used immediately for labeling with radioactivity.
Apolipoprotein B assay
Apolipoprotein B was determined by means of kinetic nephelometry using the Beckman irnmuno-Chemical-System according to the following method (manual mode card M 33).
The following were pipetted into special cuvettes with stirrers: 
Results
Influence of triglycerides and cholesterol on the completeness and selectivity of VLDL precipitation
The completeness of VLDL precipitation was tested by adding tri-[9,10- With-a constant concentration of phosphotungstic acid and magiiesium Chloride, a selective precipitation of VLDL was only possible within a limited r nge of cholesterol and triglyceride levels in blood serum. With incfeasirig cholesterol and triglyceride levels in serum larger amounts of phosphotungstic acid and magnesium Chloride were required for a complete and selective VLDL precipitation. Therefore, depending on the triglyceride and cholesterol content of the serum, three different* procedures were developed using phosphotungstic acid and MgCl 2 in three different concentrations in the precipitation assay (I, II, III). nder the conditions stated in table l, VLDL were almost completely precipitated irrespective of the cholesterol and triglyceride content of the serum. Following addition of radioactively labeled VLDL to sera the medium recovery of the radioactivity in the precipitate free fraction was 14 ± 4% (χ ± S.D.) (6 different experiments). Prelipoproteins could not be demonstrated in the lipid electrophoresis of the precipitate free fraction (results not shown). 
Coprecipitation of other lipoproteins
The extent of coprecipitation of HDL was tested by adding tracer amounts of HDL radioactively labeled in the cholesteryl ester moiety, or in the apoprotein moiety. After separating the floating VLDL precipitate, 93 ± 5% (χ ± S.D.) of the added radioactive material was recovered when [ 3 H]cholesteryl linoleate HDL had been added (five different experiments) and 94 ± 5% (χ ± S.D.) of the added radioactive material was recovered when 14 
C labeled HDL had been added (four different experiments).
Coprecipitation of Lp(a) was determined in a similar fashion. The results presented in table 2 show that Lp(a) was on average coprecipitated up to 40-50%. 
Linearity of the precipitation method
The linearity of this method was tested using different mixtures f two sera with high (9.3 mmol/1) and low (4.13 mmol/1) eholesterol contents. It was found that the cholesterol value measured in the fractions obtained by separating the precipitate was proportional to the ratio of components ( fig. 3) . When mixing two sera with cholesterol contents of 4.68 inol/1 and 2.34 mmol/1, the cholesterol value determined in the fraction obtained by separating the precipitate deviated by several degrees downwards wheri the cholesterol concentration in the sample was less than 3.4 mmol/1 ( fig. 3 ). 
Precision of the LDL cholesterol determination
With regard to the precisiori in the series, a Variation coefficient of 4.3% was found (n = 20) fof LDL cholesterol using a fresh serum pool. Day to day precision was tested with aliquots of fresh pool serum whiclxwas stored in a refrigerator at -f 4 °C. A Variation coefficient of 4.8% was found for L5DL cholesterol (n = 25). >f
Other influences
The influence of the reagent concentration on the accuracy of VLDL precipitation was very considerable. Even small changes in concentration of both precipitation reagents caused a clear change in cholesterol concentration measured in the fraction obtained by separating the precipitate (not shown).
A complete precipitation of VLDL was only possible at an incubation temperature of 0 °C, but not at an incubation temperature of 25 °C (both for 25 minutes). In samples which were first incubated at 25 °C and then at 0 °C there was no, or only incomplete precipitation. On the other band, when the samples were first incubated at 0 °C and then at 25 °C the precipitate dissolved. At an incubation temperature of 0 °C the cholesterol value determined by difference (total serum cholesterol minus cholesterol in the fraction obtained by separating the precipitate) reached its maximum level after an incubation time of 20 minutes ( fig. 4) .
cipitation of VLDL in samples which had been stored at -18 °C resulted in clear coprecipitation of other lipoproteins, irrespective of the length of st rage.
Quality control
Conventional lyophilised control materials proved to be inadequate for testing the precision and accuracy of the LDL cholesterol and LDL apolipoprotein B determination. Precision control was, however, carried out using pool serum which had been stored in portions at -20 °C. Cholesterol values in VLDL free material which had been frozen were clearly lower than those found in fresh samples. A further change in these values in samples stored at -20 °C for more than six months was, however, not observed.
When testing for accuracy, only fresh serum samples were found to be suitable, i.e. samples which had been stored at + 4 °C for up to 14 days. The cholesterol v l es ascertained in the precipitate were not influenced by centrifugation times between 4 and 10 minutes.
Storage of the samples for 14 days at +4 °C did not affect the recovery of cholesterol in the supernatant obtained by separating the precipitate, whereas pre-
Discussion
The analysed precipitation of VLDL in serum using phosphotungstic acid/MgCli was first mentioned by Burstein et al. (8) and recently used by Sirowej et al. (7) for the selective precipitation of lipoproteins in serum. Investigation of the method described by Sirowej et al. (7) showed that the specific precipitation of VLDL requires concentrations of phosphotungstic acid and magnesium Chloride different from those described by the authors; this is probably due to Charge specific variations in phosphotungstic acid.
According to our results VLDL precipitation was only complete and selective within a limited cholesterol and triglyceride area of the serum using a fixed concentration of phosphotungstic acid and MgCl 2 in the precipitation assay. To increase linearity of the method we developed three different precipitation procedures depending on the cholesterol and triglyceride content of the serum. Our results demonstrated that VLDL is almost completely precipitated in the tested concentration r nge of 3 and 10 mmol/1 cholesterol and 1-4 mmol/1 triglycerides in serum, respectively, with negligible coprecipitation of HDL, but with 40-50% coprecipitation Lp(a (14))· A number of disadvantages seem to make the method described here unsuitable for roütine use. For instance the accuracy of the values depends to a high degree upon the precise adherence to the reagent concentration used in the precipitation assay (which depends on the cholesterol and triglyceride content of the sera), äs well äs the incubation temperature. In spite of these disadvantages thisi method is certainly cheaper and less time consuming than ultracentrifugation which is used äs a reference method. Further, in contrast to the Fnedewald formula, LDL cholesterol can be measured with relatively high accuracy in VLDL free serum by subtraction of HDL cholesterol. In addition, this method allows a relatively reliable determination of LDL apolipoprotein B using kinetic nephelometry. In view of the data relating to precision and accuracy, the deployment of the described method may be commendable for the research laboratory.
